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SOLUTION FOR CLEANING METALLIZED
MICROELECTRONIC WORKPIECES AND
METHODS OF USING SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

This 1s a continuation application of application Ser. No.
09/436,613 filed Nov. 9, 1999, which 1s a continuation of
application Ser. No. 09/099,309 filed Jun. 18, 1998, now
U.S. Pat. No. 5,980,643.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

Not Applicable

BACKGROUND OF THE INVENTION

The 1mportance of clean semiconductor workpiece sur-
faces 1n the fabrication of semiconductor microelectronic
devices has been recognized for a considerable period of
time. Over time, as VLSI and ULSI silicon circuit technol-
ogy has developed, the cleaning processes have gradually
become a particularly critical step in the fabrication process.
It has been estimated that over 50% of the yield losses
sustained i1n the fabrication process are a direct result of
workpiece contaminants. Trace impurities, such as sodium
lons, metals, and particles, are especially detrimental if
present on semiconductor surfaces during high-temperature
processing because they may spread and diffuse into the
semiconductor workpiece and thereby alter the electrical
characteristics of the devices formed i1n the workpiece.
Similar requirements are placed on other such items 1n the
clectronics industry, such as in the manufacture of flat panel
displays, hard disk media, CD glass, and other such work-
pleces.

Cleaning of a semiconductor workpiece, and other elec-
tronic workpieces, occurs at many 1ntermediate stages of the
fabrication process. Cleaning of the workpiece 1s often
critical after, for example, photoresist stripping and/or ash-
ing. This 1s particularly true where the stripping and/or
ashing process 1immediately proceeds a thermal process.
Complete removal of the ashed photoresist or the
photoresist/stripper 1s necessary to insure the integrity of
subsequent processes.

The actual stripping of photoresist from the workpiece 1s
yet another fabrication process that 1s important to integrated
circuit yield, and the yield of other workpiece types. It 1s
during the stripping process that a substantial majority of the
photoresist 1s removed or otherwise disengaged from the
surface of the semiconductor workpiece. If the stripping
agent 1s not completely effective, photoresist may remain
bonded to the surface. Such bonded photoresist may be
extremely difficult to remove during a subsequent cleaning
operation and thereby impact the ability to further process
the workpiece.

Various techniques are used for stripping photoresist from
the semiconductor workpiece. Mixtures of sulfuric acid and
hydrogen peroxide at elevated temperatures are commonly
used. However, such mixtures are unsuitable for stripping
photoresist from wafers on which metals, such as aluminum
or copper, have been deposited. This 1s due to the fact that
such solutions will attack the metals as well as the photo-
resist. Solvent chemistries are often used after metal layers
have been deposited. In either case, limited bath life, expen-
sive chemuistries, and high waste disposal costs have made
alternative strip chemistries attractive.
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Plasma stripping systems provide such an alternative and
have been used for stripping both pre- and post-metal
photoresist layers. This stripping technique, however, does
not provide an ideal solution due to the high molecular
temperatures generated at the semiconductor workpiece
surface. Additionally, since photoresist 1s not purely a hydro-
carbon (i.e., it generally contains elements other than hydro-
gen and carbon), residual compounds may be left behind
after the plasma strip. Such residual compounds must then
the removed 1n a subsequent wet clean.

As such, one of the more vexing problems in microelec-
tronic device fabrication, such as 1n the manufacture of
semiconductor integrated circuits, 1s the cleaning of work-
pieces having exposed metallization at their surfaces.
Frequently, such cleaning involves removal of residues
formed during the etching and plasma ashing processes
associated with forming patterned metallization on the
workpiece surface. These residues are commonly called

“polvmers”. but also include moreanic compounds.
2

To date the most successiul methods for removing these
residues has mvolved non-water based wet cleans. These
cleans have mainly involved hydroxylamine based reducing
chemistries and have been found to be quite effective and
robust. The typical polymer removal process also uses EPA
as an Intermediate rinse agent to eliminate corrosion that
could happen 1n the final DI rinse if the amines 1n the residue
remover mixed directly with water. However, the semicon-
ductor industry 1s being driven to eliminate or reduce the use
of such chemistries because of environmental regulations
and cost concerns.

The present mventor has recognized that a water-based
replacement for these mixtures would have many advan-
tages over the non-water based chemistries currently
employed. This 1s due to the fact that high pH water based
solutions have the ability to dissolve many of the 1norganic
compounds thought to exist i, for example, post etch
residues. Examples of such solutions include solutions of
ammonium hydroxide or tetramethylammonium hydroxide.
While these solutions etch Ti and TiN films on the order of
Angstroms per minute and are thus suitable for use with such
f1lms, they etch aluminum films on the order of microns per
minute and are thus not suitable for use with workpieces
having exposed aluminum metallization. As such, the use of
such solutions 1n residue removal has not been explored in
any significant manner.

BRIEF SUMMARY OF THE INVENTION

A method for use in the manufacture of a microelectronic
device 1s set forth. The method include to a first step 1n
which a workpiece including exposed aluminum metallized
surfaces and residues 1s provided. The workpiece, including
the exposed aluminum metallized surfaces, 1s then treated
with an alkaline, water-based solution containing one or
more components that form an aluminosilicate on the
exposed aluminum metallized surfaces. The solution reacts
with the residues and assists in removing them from the
workpiece. Preferably, the solution 1s comprised of DI water,
and ammonium hydroxide based component, such as
TMAH, silicic acid, and aluminum hydroxade.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

FIG. 1 1s a process flow diagram 1illustrating one embodi-
ment of a process 1n accordance with the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

FIG. 1 1s a process tlow diagram illustrating one embodi-
ment of a process for treating a workpiece, such as a
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semiconductor wafer, pursuant to manufacturing a micro-
clectronic component, such as a semiconductor integrated
circuit. As 1llustrated, the workpiece 1s provided for pro-
cessing at step 10. The workpiece 1s preferably in the form
of a semiconductor wafer having aluminum interconnect
metallization that 1s exposed at a surface of the workpiece.
The surface also includes residues that remain after prior
processing. Such prior processing may include plasma
ctching, plasma ashing, and/or photoresist stripping pro-
cesses that generally leave polymer 1n mnorganic compounds
as residues.

At step 20 of FIG. 1, the workpiece 1s brought into contact
with an alkaline, water-based solution that 1s formulated to
remove the residues without substantially attacking the
aluminum metallization. More particularly, the alkaline,
water-based solution includes one or more components that
form an aluminosilicate film over the exposed surfaces of
the aluminum metallization, which passivates the metalli-
zation and inhibits corrosion that would otherwise occur due
to the alkaline nature of the solution. The workpiece and
solution may be brought into contact with one another using,
for example, a Spray Acid Tool available from Semitool,
Inc., of Kalispell, Mont.

In accordance with a preferred solution composition, the
solution includes DI water and an ammonium hydroxide
based component, such as tetramethylammonium hydroxide
(TMAH). The ammonium hydroxide based component is
used to render the solution alkaline. The solution further
comprises small amount of silicic acid and aluminum
hydroxide. The solution forms a passive aluminosilicate film
that grows on the surfaces of the aluminum metallization. In
this embodiment of the solution, the silicic acid 1s the source
of the silicon and the aluminum hydroxide 1s the source of
aluminum 1ons.

Experiments have been performed using various relative
concentrations of the foregoing components. To this end, a
10 liter solution was formed by adding DI water to 35 cc of
25% weight TMAH, 48 grams of silicic acid, and 1.4 grams
of aluminum hydroxide. Semiconductor wafers having
exposed aluminum pads that were surrounded by residues,
including oxides, were used. A scanning profilometer was
used to measure the step height between the residues and the
aluminum pads as well as the surface roughness of the pads.
The solution was heated to 80 degrees Celsius and the
walers were then exposed to the solution for approximately
10 minutes. While the solution removed the residues, no
significant pitting or corrosion of the aluminum pads was
observed. Similar tests were also performed with mixtures
of 950 cc of DI water, 50 cc of ammonium hydroxide, 4.8
orams of silicic acid, and 0.14 grams of aluminum
hydroxide, with substantially the same results. Still further,
solutions using NH,OH instead of TMAH have also
approved elfective. In all instances, no noticeable reduction
in the sheet resistance of the aluminum metallization has
been observed as a result of this treatment.

Lower concentrations of silicic acid are not as effective 1n

passivating the exposed aluminum metallization. Preferably,
the solution 1s substantially saturated with silicic acid for
more elfective passivation.

In some 1nstances, 1t may be desirable to mclude surfac-
tants 1n the solution. Such surfactants may assist in 1nhib-
iting particle re-deposition and, further, may 1n a bit rough-
enning of any exposed silicon surfaces. For example, and

amount of FC 93 and NCW 601 may be added to the solution
for this purpose.

The foregomng method can also be generalized for use
with other metals used for metallization, such as copper. To
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this end, a workpiece including exposed metallized surfaces
of a metal X and further including surface residues 1is
provided. The workpiece, including the exposed metallized
surfaces, 1s treated with an alkaline, water-based solution
containing one or more components that form a protective
compound of metal X on the exposed metallized surfaces
that prevents the metallized surfaces from substantial cor-
rosion resulting from contact with the solution. The alkaline
nature of the solution assists in removing the residues from
the workpiece.

The foregoing alkaline, water-based solutions have sub-
stantial benefits over the prior cleaning solutions. For
example, water-based solutions tend to be more environ-
mentally friendly and, as such, are generally cheaper to
obtain, use, and dispose. Such solutions do not require
dedicated drains or special waste disposal. Further, interme-
diate IPA rinsing of the workpiece may, if desired, be
climinated when such solutions are used.

Numerous modifications may be made to the foregoing
process without departing from the basic teachings thereof.
Although the present 1invention has been described 1 sub-
stantial detail with reference to one or more specific embodi-
ments of the process and solution, those of skill 1n the art
will recognize that changes may be made thereto without
departing from the scope and spirit of the mmvention as set
forth 1n the appended claims.

What 1s claimed is:

1. A non-corrosive cleaning method for use 1n the manu-
facture of a microelectronic device comprising the steps of:

providing a workpiece including exposed metallized sur-
faces comprising a metal X, said exposed metallized
surfaces having surface residues;

treating said workpiece, mcluding said exposed metal-
lized surfaces, with an alkaline, water-based solution
comprising a first constituent comprised of the metal X
and a second constituent that reacts with the first
constituent at the exposed metallized surfaces to form
an anfi-corrosive film over said exposed metallized
surfaces, said solution further assisting 1n removal of
said surface residues from said workpiece.

2. A method for use 1n the manufacture of a microelec-

tronic device comprising the steps of:

providing a microelectronic workpiece having at least one
surface that includes exposed metal surfaces, the
exposed metal surfaces bemg comprised of a metal X,
the at least one surface of the microelectronic work-
piece including surface residues;

treating the at least one surface of the microelectronic
workpiece, including the exposed metal surfaces, with
an alkaline, water-based solution containing one or
more components that form a protective compound of
metal X on the exposed metal surfaces, the solution
further mcluding one or more components that facili-
tate removal of the surface residues.

3. The method of claim 2 wherein the surface residues are
comprised of organic material employed 1n a prior photo-
resist process.

4. The method of claim 2 wherein the metal X comprises
copper.

5. The method of claim 2 wherein the metal X comprises
aluminum.

6. The method of claim 2 wherein the compound of metal
X comprises a silicate.

7. A method for removing photoresist residues from a
surface of a microelectronic workpiece during manufacture
of a microelectronic device formed therefrom, the method
comprising the steps of:
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providing a microelectronic workpiece having at least one

surface that includes exposed metal surfaces and the
photoresist residues, the exposed metal surfaces being,
comprised of a metal X;

treating the surface of the microelectronic workpiece,

8.
copper.
9.

aluminum.

including the exposed metal surfaces, with an alkaline,
water-based solution containing one or more compo-
nents that form a protective compound of metal X on
the exposed metal surfaces, the solution further includ-
ing one or more components that facilitate dissolution
of the photoresist residues.

The method of claim 7 wherein the metal X comprises

The method of claim 7 wherein the metal X comprises

10. The method of claim 7 wherein the compound of

metal X comprises a silicate.

11. A method for use 1in the manufacture of a microelec-

tronic device comprising the steps of:
providing a microelectronic workpiece having at least one

surface that includes exposed metal surfaces, the

10
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exposed metal surfaces bemg comprised of a metal X,

the at least one surface of the microelectronic work-
piece 1ncluding surface residues;

exposing the at least one surface of the microelectronic

workpiece, including the exposed metal surfaces, to a
solution that forms an additive passivation layer at the

exposed metal surfaces while concurrently removing
the surface residues from the at least one surface of the
microelectronic workpiece.

12. The method of claim 11 wherein the surface residues
are comprised of organic material employed 1n a prior
photoresist process.

13. The method of claim 11 wherein the metal X com-

15 prises copper.

20

14. The method of claim 11 wherein the metal X com-
prises aluminum.

15. The method of claim 11 wheremn the compound of
metal X comprises a silicate.
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